I. INTRODUCTION
II, a short presentation of the formalisms used for the description of the Pt even-even isotopes is given. Numerical results and their comparison with the corresponding experimental data are discussed in Section III. The final conclusions are drawn in Section IV.
II. SHORT PRESENTATION OF THE MODELS
The formalisms X(5), Z(5), ISWSA, ISWMA, SSA and SMA are derived by a set of approximations applied to the Bohr-Mottelson Hamiltonian [1] ,
amended with a potential [25, 26] V (β, γ) = V 1 (β) + V 2 (γ)
2)
The form of the β and γ potential allows to separate the β variable from the γ and the three
Euler angles θ 1 , θ 2 and θ 3 . Here,Q k 's denote the angular momentum components in the intrinsic reference frame. A full separation may be however achieved by expanding the rotor term in power series of γ around either of γ 0 = 0 or of γ 0 = π/6 and, moreover, by replacing the factor β 2 multiplying the γ-dependent term with its average value, denoted hereafter by β 2 . The resulting equations are:
3) 4) where the following notations are used:
Λ and W are the contributions coming from the rotor term and their expressions depend on the order of the γ series truncation.
For the sake of fixing the notations and defining the main ingredients, in what follows the above mentioned approaches will be briefly described. For details we advise the reader to consult Refs. [3, 5, 11-13, 15, 25, 26] . In Eq. (2.3), the X(5), Z(5), ISWSA and ISWMA models use a common potential in β, namely an infinite square well 9) where N n β ,L is the normalization factor, while P
Concerning Eq. (2.4), the X(5) and Z(5) chose an oscillator and a shifted oscillator potential, respectively: 
The quantum number K corresponds to the angular momentum projection on the intrinsic z-axis. As for Z(5), γ 0 = π/6 and the corresponding equation (2.4) is obeyed by the Hermite polynomials H n :
,n γ = 0, 1, 2, ... This is not the case for the ISWSA, ISWMA, SSA and SMA models, where a second order power expansion of both the rotor term and the periodic potential
is used, which results of having the spheroidal (S m,n ) and Mathieu (M n ) functions as solutions of the resulting differential equations, respectively:
14)
The expressions of c and q will be specified below.
The advantages of the Mathieu and spheroidal functions consist of that they are periodic, defined on a bound interval and normalized to unity with the integration measure of | sin 3γ|dγ, preserving in this way the hermiticity of the initial Hamiltonian. Note that the other approaches do not satisfy these conditions. The total energy of the system is obtained by summing the eigenvalues of the β and γ equations:
The excitation energies yielded by the formalisms used in the present paper, are as follows: 16) with A 1 , B 1 and C 1 arbitrary parameters. In our calcultions the parameter X is fitted. 
−2q cos 6γ;
SSA:
where λ
n β (L) satisfy the equation:
The specific β and γ potentials of the six approaches used in the present paper are collected, for comparison, in Table I . The potentials in the β variable are to be amended by a centrifugal term due to the rotor component of the starting Hamiltonian.
The reduced E2 transition probabilities for ISWSA and SSA are determined with the reduced matrix element of the transition operator:
between the corresponding initial |L i M i and final |L f M f states, as described above:
Here the Rose's convention [28] was used for the reduced matrix elements. 
III. NUMERICAL RESULTS
The formalisms presented in Section II were applied to some even-even isotopes of Pt:
180−196 Pt. It is commonly accepted that nuclear spectra can be classified by the values of the energy ratios:
Moreover, it seems that nuclei satisfying a certain symmetry are characterized by almost constant ratios. The values of these ratios associated to the isotopes considered here are collected in Table II . As seen from there, the ratios R 4 indicates that these isotopes are far from the ideal picture of X(5). As a matter of fact this feature is consistent with the results of Ref. [29] saying that not all nuclear properties reach the critical point in a phase transition in the same isotope. We apply the approaches ISWSA and SSA to the mentioned isotopes in order to test their ability to account for these complementary features.
Concerning the description called Z(5) this is appropriate for 190, 192, 194, 196 Pt, the statement being supported by the values of both ratios. Indeed, the detailed numerical analysis of
Ref. [5] shows a good agreement between calculations and experimental data. In this context the application of the ISWMA and SMA to these isotopes will provide a sensible comparison of the formalisms on one hand and the Z(5) on the other hand.
It is well known that the triaxial rigid rotor (TRR) predicts [30] a relation between the first three excited state energies:
Due to this fact the above equation is considered to be a signature for a triaxial deformation of γ 0 = 30 0 . For the isotope 192 Pt the above equation reads: |∆E| = 8 keV, which means that the mentioned isotope is close to the ideal triaxial rigid rotor. Considering this isotope among the treated isotopes allows us to answer the question whether these approaches are suitable for the description of the triaxial nuclei. The isotopes 186, 188, 190, 192, 194, 196 Pt may be considered to be γ−unstable nuclei, having the ratio R 4
close to 2.5. A special case is that of 186 Pt which has the head state of gamma band higher in energy than the first beta state which results in claiming a gamma stable picture. Most likely this nucleus exhibits the main features for the critical point of the phase transition from prolate to oblate shapes.
Due to the specific structure of their potentials in the γ variable, the ISWSA and SSA seem to be suitable to describe both the γ−unstable and γ−stable deformed nuclei. Actually this argument justifies including 186 Pt and 188 Pt on the list of considered isotopes. In addition to the prolate-oblate transition along the Pt isotopic chain an alternative prolate-oblate transition has been considered in Ref. [41] , with both transitions studied in [42] . Each approach involves a number of free parameters for energies as well as for B (E2) values. These are fixed by fitting some particular experimental data concerning either the excitation energies or the reduced transition probabilities. The results of the fitting procedure adopted are listed in Tables III,IV . As seen from these tables, the number of parameters used for fitting the spectra in X(5), ISW SA and SSA are 2, 4, 6, respectively, while in the fitting of B(E2) values 1, 2, 2 parameters are used, respectively. Also, from Table III we notice that the number of parameters used for fitting the spectra in Z (5) In Tables III and IV respectively, while t 2 was fixed by a least square procedure. The results for t 2 are also listed in Table VII . As for the rest of isotopes from the mentioned Table, the parameters t 1 , t 2 are as listed in Tables III, IV. Another objective of the present work is to determine the isotope shape in ground and excited states, within both the SSA and the SMA. Indeed, it is interesting to see how the shape changes when one passes from one isotope to another and moreover whether this picture is state dependent.We expect to visualize the shape phase transition and also possible shape coexistence. The static shape is defined by the values of the intrinsic variables β and γ for which the probability density (the probability in the volume unit of dβdγ),
reaches a maximum value. In Fig.1 to make such plots once we know that the power expansion in γ was performed around γ = 0 0 and γ = 30 0 . We notice that the density maxima are met not in the same point where the potential is minimum. The reason is that the density accounts also for the kinetic energy and moreover includes a factor defining the measure of the integration in the β and γ coordinates. These figures reflect the structure of the wave functions. Indeed, since the γ dependent function depends on cos 3γ and the spheroidal functions are symmetric with respect to the space reflection transformation, the graphs exhibit the symmetry γ → π/3−γ.
Concerning SMA the mentioned symmetry is caused by the fact the potential in γ is function of cos 2 3γ. Also, the node of the β function causes a doublet maxima with the same γ. For 188 Pt we notice equal density curves which surround two maxima of identical beta. This situation is specific to the shape coexistence. 
IV. CONCLUSIONS
In the previous Section we described some even-even isotopes of Pt by four solvable models emerging from the generalized Bohr Mottelson Hamiltonian. Indeed, for the isotopes with 180 ≤ A ≤ 188 the approaches are those abbreviated by SSA and ISWSA, respectively, while for the rest of nuclei, 190 ≤ A ≤ 196, the SMA and ISWMA are alternatively used. It is worth mentioning that the approach called ISWMA was used for the first time in the present paper. Since the first set exhibits some features of the X(5) "symmetry" we compared the results of our calculations with those obtained with the X(5) formalism, if they are available.
As for the other isotopes the results were compared with the Z(5) results. One concludes that our results are slightly better than those obtained with X(5) and Z(5) methods regarding both the excitation energies and reduced E2 transition probabilities.
The wave function structure is nicely reflected in the contour plots for the probability density. It is suggested that due to the Hamiltonian symmetries the wave functions might be suitable for accounting for shape evolution as well as for possible shape coexistence.
